Dalton Transactions
Introduction
With the rapid progress of industry and development of society, the water pollution has been getting more serious than ever and becoming the first environmental problem in the world. Among the various water pollutions, the organic dyes have drawn extensive attention due to the high stability to temperature, light, and many chemicals. At present, physical adsorption and photocatalytic degradation are the two main means to treat the organic dye in wastewater. Photocatalytic degradation is considered as a "green" technique to offer great potential for complete degradation of organic dyes into pollution free 1 . Nanostructured semiconductor metal oxides, such as TiO 2 , In 2 O 3 , Bi 2 O 3 , and Fe 2 O 3 are widely used in photocatalysis, photoemission, and sensor etc. [2] [3] [4] [5] [6] [7] [8] ZnO, with the band gap of 3.37 eV and the large excitation binding energy (60 meV), is widely used in photocatalysis. [9] [10] [11] [12] [13] It is known that the large surface area always induces the high absorption capacity that benefits to photocatalysis. Currently, ZnO with various morphologies, such as: nanoflowers, nanosheets, nanospheres, and dendrites etc., have been prepared to enhance the surface area as well as the photocatalytic activity. [14] [15] [16] [17] [18] [19] [20] One-dimensional (1D) nanofibers, with high length-to-diameter ratio and ultra large special surface area, make the highly competitive advantage in photocatalysis. [21] [22] [23] [24] Compared with the common methods such as chemical vapor deposition, hydrothermal and templateassisted, electrospun has been proved to be a versatile, effective, simple and inexpensive method to fabricate 1D nanofibers. [25] [26] [27] [28] In addition, ZnO nanofibers synthesized from electrospun method always possess various porous structures to promote mass diffusion/transport and are configured as high performance in catalyst and sensor etc.
Furthermore, the fast recombination of the photo generated electron-hole pairs limits the photocatalytic efficiency. The effective separation of the photo-generated electrons and holes is considered as another route to improve the photocatalysis efficiency. Currently, the synthesis of heterostructure of semiconductor metal oxide is regarded as the effective method to enhance the photocatalytic activity by extending the photoresponding range and increasing the electron hole pair separation efficiency. [29] [30] [31] [32] [33] [34] [35] 
Photocatalytic tests
The photocatalytic activity was evaluated by the degradation of methylene blue Annlyze. Thermal gravimetry-differential thermal analysis (TG-DTA) was studied with Diamond 6300.
Results and discussion
The morphology and structure of as-synthesized ZnO/SnO 2 nanofibers were investigated by TEM and SEM. The porous structures of the as-fabricated ZnO/SnO 2 nanofibers were further analyzed by nitrogen sorption isotherm techniques. Fig. 5 presents the nitrogen adsorption-desorption isotherms and BJH pore size distribution curves of all samples.
As observed in Fig. 5a , all ZnO/SnO 2 nanofibers exhibit the type IV isotherms with Table 1 ). The largest surface area of ZnO/SnO 2 -2 is ascribed to the corrugated porous structure and the small particle size.
These ZnO/SnO 2 nanofibers were adopted as the catalysts and the photocatalytic degradation testing toward methylene blue (MB) was carried out. In addition, the commercial ZnO and SnO 2 were used as the contrast and the photocatalytic degradation performance was also investigated. From Fig. 6d and e, 100 min is needed to decompose 98.6 % and 97.7 % MB for ZnO and SnO 2 nanofibers, respectively.
In order to further investigate the photocatalytic activites of these samples, the photocatalytic degradation kinetics was analyzed using pseudo-first-order kinetics:
Where k is a pseudorst-rate kinetic constant (min With the increase of the dye concentration, the adsorption amount increases dramatically until the adsorption reaches saturation (85.8 mg/g) that is a rather high adsorption amount compared with the previous reports. 39 Furthermore, as shown in suggesting that the photogenerated electrons and holes were efficiently separated. The photocatalytic mechanism in our experiment was proposed as follows:
The resulting charge carrier separation leads to increased carrier lifetime because of reduced charge recombination. As a consequence, the formation of hydroxyl In addition, the recycle ability of ZnO/SnO 2 -2 was also studied. From Fig. 10 , after the 5 recycle, the photocatalytic efficiency also can remain 95.5% (20 min, CR).
The well recycle ability is significant for catalysts to be used in practical application.
Conclusions
In summary, ZnO/SnO 2 nanofibers were synthesized by a simple electrospun method. By adjusting the mass ratio of Zn/Sn sources, porous nanofibers and nanotubes was obtained due to the oxidation/decomposition of the precursors. All the fibers/tubes are accumulated by many nanoparticles (5-30 nm) that make the porous structure and large surface of the samples. MB, CR, eosin red, and MO were adopted as the typical dyes and the photocatalysis behavior was carried out in detail.
ZnO/SnO 2 nanofibers shows the enhanced photocatalytic ability due to the effective separation of the photo-generated electrons/holes and high adsorption capacity.
Moreover, ZnO/SnO 2 -2 possess the high adsorption capacity (up to q m = 90.8 mg/L) to CR, a typical anionic dye, profited from the strong electrostatic interaction between CR and ZnO/SnO 2 -2 (positive charge). In the favor of the high adsorption capacity, ZnO/SnO 2 -2 also induces the highest photocatalytic ability toward CR than other dyes (MO, MB and ER). These porous ZnO/SnO 2 hetero-nanofibers show potential application in wastewater treatment. Based on the above investigation, the porous structure, hetero-structure, strong interaction between catalysts and dye should be considered in the synthesis of the catalysts with the enhanced photodegradation ability. 
